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(57) Abstract: 

PURPOSE: A method for forming an interlayer dielectric 
is provided to prevent generation of a crack when using 
an SOG(Spin On Glass) coating layer as a capping oxide 
layer. 



-S10 



PRE BAKE 



HARDBAKE 



SI 8 



S20 



ANNEAL 



CONSTITUTION: An insulating layer is formed on a 
substrate formed with an active device and a wafer 
having a metallic line pattern is prepared(SlO). An 
insulating layer for covering the metallic line pattern is 
formed by depositing a BPSG, an HDP oxide layer, and a 
polysilazane SOG layer(S12). The insulating layer is 
polished by supplying a slurry using Si02, Ce02, AI203, and Mn203 as a base(S14). A coating layer is 
formed on the result material having a stepped portion by using a polysilazane coating solution(S16). A 
pre-baking process for a coating layer is performed under temperature of 50 to 350 degrees centigrade 
during 1 to 5 minutes(S18). A hard baking process is performed(S20). An annealing process is performed 
(S22). 
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Ol^g 

§^IESeiA|^|ggg^£|^20FIIfei04-507(74) CH£|&!. sjg^AM/SS 3 

■ 2/m54) mil sag* s^aa 



XHI 3|» ^0j| 13^1 BHdilHe^ 4fB0| ^M£l£^ £D\ 12^1 S CMPgg^ 2 

0f6FI2, SgafS g^S^I ?ISF0j *0| &Q\\ 9E\MEi&m SSSfe ^2! S S£H^ 3g 

S £55[2, 3|'^§ 50 LH X! 350 °C H£| BilOi^ofH, 0I0UH, 300 LHII 500 'C §£i 61-E Ml 

01 USUI, SgRS ^^^^i^lOIIAH gxHBI&D. WrZ} M , B SS0||/Hfe 6F£ tHIOlU g§§ ^lf£g 

Mi of^^^h^ as m±mm<x mam m^m ^n\m°^>tt §§oii/h ^^ei oim 3sq>°i a 

CHS.S. 
£6 

£ is bxh sHg ^oii g-«s #ei i^^ehi u&tH £2 . 

£■ 2te £ 1£| »a SSROil ¥M CMP igf tfAISKH 8BSMI 20f![ U&tH £2 . 

£ 3S £ 1S| SZ> IS^OII S CMP §§i S 'A|»0* 5HS2I fe^l- t§8 UEffcH £2. 

£ 4^ £ 3^ i CMP S§ ^Oil 6W0II £2fi #EHS UBfcd £2. 

£ 5^ k areoii sa^as ±m 8 esH^ e^^i §£ msm uEUd! hehh. 

£ 6^ » gJgOli 2|ff S3- Ifiggl ggSf^l flff £AH£. 

£ 7 LHII '£ 10S S gJgOII ©Iff fig* SS^SI gSggi UEfld! g§ £AH£. 

£ US S Oil SIB S0GSJ8 SEI WIOIU ^§§1 ^S^£S U&Lflfc FT- IR xtM. 

£ 12b B ^fflOil 2i& SOG^M OiyHt!' ^, ^S^£S UEfLHfe FT— IR . 

( £22j ¥^0II Cm ¥^oi ) 

10 : DIEf 

12 : s^OH^IIHe 

14 ■ a 3 °| 

i6 : aa 

13 : Sai^'Er^ ^g^r 
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e was si soil ae %2.^m, mm b(fulu cmp 9 e^uH^njige 

gai^EfSS ±% v o\^ ±2\ B ^£H^(SOG : SPIN ON GLASS) §°-^2I SgSffe ^gOil BB 3S0|Ch 
eZHOil g#EI2f ^8 §M DHfl|£| 3*tS M30II oa gxl£ d|fifa|23 srSSUl »CK U 31 

^ soil sioun, §xi*= n^o^ §xf Sf - = AI0il pisgsi ag ^ g 20 | 2 ?aa. 
oiae s^oii ¥§aoj be« sxib sais, <m§j£ m §i s^Ai^it ssfog S | S ^ ( 

^oi gjasn aa. 

22! a§i xiisapi askx bsj d\b &m &e »s ^xfm ssskhoi: bo. ssont ^ 

MsL l££ICH0t SUISh fflS£| £31 D\^m <£D\ ^6rOi HIS §§ £^0il ^§ ^Xlfig S3|^oe 
S^mOIOt m W9.D[ £121 M0S ^ Br0IB£r VLSI i! ULSI gflBS ^XFS°J SfS 

4fs S^M £°o[b a§ 9^(multi level interconnection) 7±I SfteO. 

0|2f »g 6f3i ^SOilAH, #4* (number of layers)?* gUr^Oil CLrEHH, 2l&fi(top layer)£j 

topography )8 CH^ CH S^SSCK Oil S IS, 8 £fe 3 OI^HJ S^^OI i^aCH Site BSfll 
■SIIOIiriB HISofe S^OII, Cf^£| tt»af, a§§ £2# SJ HI 1 S^bH^eO! 

ElOlfflOII HI 1 §Z! S^eil g£B s M 2 3^ fi 2jS6^l blOhS SSBO- HI 1 

12^21 Sr^ ^SSQI SS« (uneven) SI- 3 1 [fflSOII, HI 1 S2J- HH&f2| S2 0I 8ESoFp. 32H 

b hi 1 eei ass^oii hi 2 ^^§§ ™m sss^ s^ou^, hi 2 s^s^ ^ ! S j> assja m 

t¥U B^fffl^Oj! 2^(f racture)6f!2 HI 1 asaj#2| = 3* SgfoMI HQ Oiafi gg 

01 B£H SMS 4ii AiSfAI^IH, t&y/d. Cf§ 3* S^?S(multi level metal interconnection) 
OilA]^ til Oh £fe HI 2 i^§I S^B^I Son §^ 12°f£| gesPI- Hfima. 

m& la^i SBSOII CHofOlfe, ^^01 ^8 BPSG (Borophosphorous Silicate Glass)^0IU 

S0G(Spin-On-Glass)afS 0|§5 r fe D\D\m SQKChemlcal Mechanical Polishing; CMP) 

ga^os MK3 2J2I S OHSSr^l ?l& SHOfSI fflSS/dfe BPSGM OlSSte &H0I ^£1 

A^£IO^ SO. HSXief. BPSGM §^S^ iig At Ul 2.^21 £1^^ » S tH ^EH2| °i^^oi asm 
Afg£]J) n^^«Df OhU B|- =^01 ^6 r 0j S!aiO||£| *i ii £ S LHSdrll SIO. 

LH^U, ^H!°l 2560iPr S0l4 h S| VLSIM HI55r^l ¥IS r Ojb mimn CIXf2JS0l &CHI in 

£h BPSGS AfgofOI 12^1 m^S\0\ HH^^°J OH US" HHb M0IE ^^Oii °]of HaiXIHI 

S^o^ oi^oi 4,-01 XHofffOXU S§0IIAH£! A^ij (HIS ^IrgOl 4- 2JQ- 0i# El 

spi «»oifc £jseo § gi utiigoj cmpsss ^usroiot m mo-goi 210. 

s 1011 eaik aoi, se> aaoj- §i8 ^ib(io)oii s^^i ^^HHdnHe(i2) ^oii 
aast(i4)s sssrs HH^nHEja Bxfoii 2j6H ssoi ^&6hii smi gsaci. rj> e.\m s 

§0! gO|6F£^ 52f bbsmi an?i ?ja r oi §^,^0^ on XI si? S§0IU CMP ggf AfgSQ. 

£ 2011 EAI*!- ¥g CMP 5§g or¥^| ^^HHdSH^OI LiSSjXI S2iaS^2| 2 

^F6rb 32 0ICK , Efie°J 5g£0il 0}£F.BBE <M CMP Hl>l^0ll 3§I ^O)- DISHING(AHTSa2 

C^fAH, CI^'OILf gEr£.2J 3g|».| flShW 6r¥ HH^HI dfS ^^FXI 2hH CMPM Site 

g(FULL) CMP gr^lOI AfgSH 2iQ. 

£ 3011 £Alth M CMP a JS8 SH§! ?j7} r XI HdHLMI 2GFo^l (TH^Oil k§9 ffl § 8 1SAI5PI ^1 

na-iu. b cmp ggg ^aH£iP4 ewoii cm ^^m^ ofoibm ^3aixi(MicR0 scratch)s ojskm * 

^ g§0IIAH 5#8(RESI0UE)8 AIS AH HIM ^^Srfe SHISOI 

E^, S CMP gTSS 3f£S BDhfi ArOI^I 3[£or>ll SOFSIOi Bxfl tf«8MI BO 

0|2f aoi SfSS ErXrfe £ 4011 £A|§> bf£f &0| fflgS 6.^^(16)011 ggf OI^AH 
U^>|| BD. 

01 Oil ya r Oj SOG^S 0|g§>- 13^1 g^or^ g§8 2|' 112= ^ Bfsi- ao4Q[g sahsk 
^ 91 zz i§21 y dl 1^X1 21 Q. 

OIIM 0IE K e^ mm ai5.310.720£( issued to Shin et al)0ilb 8dl^£F&S8 ggg ^ 

^5rS8 <^4:^?l^|0ilAi ( f i r i ng) 5 r 01 ^^ai^§2§ 2^A|5Mtr ;HA|£10^ 2ia! 

SEh. OlEfg^ HIS. 976, 618fi( issued to Shunichi Fukuyama et al.)0JI^ SOGM £Se[ m 

2 Er^lHI gx-i£l §if >l M M 0\m tts} Aipj^o^o s £j^A|3|±= ^goi ^HAISjO] 

Mai4'^ l 5h^lH| SOG^z ^l^ m^0\ Si-N, Si-H, N-H1» S2§ ^^£JH, i? mm H^ofe ^^j^l^ 

OilAi hHIOIUSfS Si-N Hi^OI Si-O^i^oe zlt^SP. 0|2f SOGg OlgSFOI Arof ^dle^PH & 

&m>= ei£r^ ssa s» 59011 sjsh 4=se ^ ^cha], bisoi i^sae smm 

^UIH SiQ. Zi g II ^ , Si-N mmo\ Si-O il£§ xltrail^ 32§ ^5jx4 
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mm 11-145286 

caafAH, ttm m ? J t °\ Afgs^ bpsg^oiu TEos^enf as &m aaeafate Q 

Sah, ^S! 3g gf±!£S E^i a^i cth^oii ^sa^r <yg- aias^ai ssssfoi af¥ =*2E 

BEiai^S 3H Q 4§ CfgOil i^i!§I X-il^S^I ?|8t0| 50CTC 0|8*2| BE 0|| AH 

1^ H£l tHI 01 U S 5!So[2, aati&Sa ^BIS #»a*o^ £^8^i ?|SK)| S?PI0||/d 400 T: 
Oi^EM 4, ai-^ otwseo. 

3 shu, Balsas 31'^°] cnygAi 3g°iouH ots^'a^ siH42} &m m^Di eifsfoi 
si022f sfs hfeisoi ^saoi y§gm^ Ega:>ii sq. oiagK ni-Eias ^ 4! nm oi&a 3i>is 
miia, w 01 in 21 ory.g §§ai n^Eie^ srswoi Gil 01 XI « tt^S^I 3D. 

^, §21 SBFS 2g^S I&EIS ^£011 AH CH ^g?il §£!8Cf. CHyg * SiSf£| ^MD\ 15,000a 
0I^2| 3B«Bb %^il(MCFT : MAXIMUM CRACK FREE THICKNESS) OI^E^ g^gn 01 CHI HS^E^ 

3^01 mattm sasoi ao. 



ErE\M , S Sg2| i£|^£(5i A3 g s BH A 21^1 as ^^£S AfSAI Oil 

3^ ttiss axis? ^ eei as*t as»e§ HiB»t aroia. 



its si ?g §j 

D\m &o\\ is^i assm. es nn^£i ^soi i^#£iEi= £M sasie 2 cmp^§£s 2 of si- 
n, sgof» g^spi ^isi-cm ^01 ^nfg #011 aaaasa s»8*t aei s ^eha 3g g^a 

E£6fli, 3 got S 50 LHXI 350 B C §E^ S£| HIIOISSHl. OICHAH, 300 LUX! 500*C §E^ 5^E bHi Oi 
& KSOIIAIte 300 LHXI 500°C2| 5tE WI0IU ^S2S« ^ ^xHdl S3AI OtS^^Sfe 

grs sia^ai^ ^ 2iD. cL^Ai, gaai g^Ai n>Eig »4Bs ^mm 4= 2iQ. 

£& f s «vgO||Ai 5fE tHIOlU 01^011 3ge|£| ^MD\ MCFT 0|^2J S^Oilb Oil Xl ^ §§0IU CMP g 
§2? 3g9|2j ^^Pl- MCFT 0{ Bh^h ^FSSfe s§I & S 0| bl-^^i oj-O. 

S^, 8FE tfilOi^ S§1 A^mH 3g^£j ^JWPI- MCFT 0|^£j g^Oife Oilx!^ g§0IU CMP i§2 
^ 3g°|2j ^^iPf MCFT OjS^F ^^go^ S§§ EH SSSffe S£ ^^mCf. 

S ^SCHIAH gEI^J^Sh ^^A| 0i -(SiH 2 NH) n -(^e, n 8 ^2! §4-OIQ)0|3, 11^^ ^aT 

gOI 4000 LHXI 8000OIH, S^g ^S£^F 3.0 LH XI 4.021 HShOIES Sai^^& 3 LH XI 15SiT% » 
gOH 97 LHXI 858 »%S SBBO. 

S ^SOII ®B ±BS^?}\± ^A^IOI -(SiH 2 NH) n -(^e, n £ &2) §4-0|Cf)0|^, fgS2 

SXT^OI 4000 LHXI 80000I32, ^XTlr ^S£^F 3.0 LHXI 4. 02" IEiS^OlE^ SeJ^SFSa E&^CL 

Mdl^^&SI 111^ SXiaCH SICK" □S^2" ^°^M= t£^^3 ^0|A g^lM "&SAI9I 

H, ^ss^ a* Sf hi (complex compound)^ &2U0ha fifSAISAt HI"2E» ^ SO. 

01 21 01! £, SiCL £^ SiH 2 CI 2 2l ^dmiE2[ O^EJS ^§A|^ Sdl^'^&a : t,^6^ gg, 

^'df&S S^ai^t^OIE^OHS AFgol-01 i£li£[221 2^6^ &H . SOI 
^OHttransit ion metal complex compound )H A^o^W 0\°j ^ ^ 

1^ ^ ( dehyd r ogen a t i on ) Sfe §01 gX|£]CH 2iC|. 

Ol&e^ ^ol Xil 5, 494 ,978m (issued to Yasuo Shimizu et . al.)0ilfe SXf^OI 100 LHXI 

100,0002] Msi^ah&a oisshoi Mdi^j^&a xiiss^ &aoi ai a ch siq. 

OlWe^ 1-115,905,130° (issued to Hi rohiko Nakahara et al.)0il^ »£|OJ0lt6ie ^^wHf MEI 

51-OIEH.^lsfe! S4: SfS"M(polyhydrogenated nitrogen-containing compound)^ g ^| ^QH o}-01l AH 

y^API^U, M£i o[0\El^s} If^Mfpolyhydrogenated silicon compound )Hf Md|8^0IE^2! 

m m±-% y ^ mmmm S^l^ HX-II ^ OH (basic sol id oxide catalyst)2J gXHSFOII &!*SA|S AH 

w&Mv&m mssfb &aoi phaisoi aa. 

U\mm^ mm a1I5,436, 398s (issued to Yasuo Shimizu et alJOIIE ^r%B ^Xf^OI 1,12021 ItmoiE 
Dl^g^ mm X-H4937304^( issued to Ayama et al.) 9i »I4950381®( issued to Takeuchi et al.)0il^ 

nsf^r ^x>^a M£i^si&a x-ii^afe &aoi ;haisch aa. 

s ^goiiAH Af§gb #ai^Ei&2j xhis saoiife xii^s sicf . ysoii 215H sai^^s- 
sts sxie ggoii 2ioH sissi itisfoiEs gai^ei&a b ^^oii M§t ^ 2iE^ mxtitoii c§ 

^^^(fraci lonation)H OliSfCj ^^o^CM A^e^P. 

s s s Oil AH A!-e£Jb ^ai^2>£2| ^XHrOI 4.000MQ ^22 . ^X^OII 2] 6H 
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mKoutgassingPf g^miQ, ^£jao? xiUxMI H v £l Stmoi B^^^Oj SOIoHAH b^*j<!* 

XI 8,0008 5l5[0 ( SOGS^SJ ^^01 5gA|£] ^£S]^ SOG^Sj 

5U£(uni formi ty)0| 1 Of 14 AH b^^sFXI &p. CQ £f AH , ItjafOIEM Mdl^P&£j SXUfS 4,000 LH 

xi 8.000, b^^eMi^ 4,500 lhxi 7,00001a. 

ae. f^Sc mx&jb 4>S3 ^x^ fe £i hi ei Mai^^ssj sxn* ^ssm 3.osp s^e, 
si&# (iH£j m#^oi mo\ziM ^soi y? ^okh tuBsisui sa, 4.0s siso, a 

If ^cle2] 2^01 g2goH/H UhS5!SHI &P. m&M, &£l«y&2| ^Zl^ 3.0 UiXI 4.0 

b 501 w»5ism. 

#*ff »BI4IEf&8 EOHOil S8HAIS/H SOGS^S aSBCK £ ttSOII/H AfgS ^ 2ifc § 

OH ^ AH ^ HISS KO. dfifSiSWIfe, 3^gi!^ if S ^tm^l gOH, Cl¥10il£il^^ US OH Ell 

S #g MIS 4= SICK 

H 2-1 2J £r H S&6ffe S0G ot¥^ 0IIS MS, ^dlS S»2f0|| QiofOI 4° 0|of£| S§! M 2|« 

»fc 201 W»5|»0. sekesvoI 4° Sa 38, Sf¥^l^ ¥^ (adhesion) 01 UBAI UfgS!8XI 3 

a. 

#31 SOG^^S g§S SB ^£0ilAi 1 LHXI 10 mPa.s, HF^-S? oF^lfe 1 LH XI 8 mPa.sBj gl& S£M 
»fcCK S V9 0II PE S0Gge»S 54 Ui X! 420 (1/s)S| SB ^£0{|Ai 1 UIXI 10 mPa.sBj g§S 

#3! SOGg^S H£0il PPAHfe B, UI4:, Bi, BS S£« SBWte SISS 

a m^m^M ^ich£ oiu sbb 4^ 910. 01 a b m^mmowM , m±, b, bi^sf as si^s 

S0G§2»0II S^Sfrte S^Oilfe, S0G§^°^Ei ^££1^ #S ^BIS^OI sbsmi S Oi esn 

S| BSG^, BPSGR. PSG^^f ^A\m mgm 5fte D -I2S SSfSCf. SB. B^U <i^2f ^j^g 5 

BSffe sen s^g^AH u^sts, ^£15^0^21 s^s^ ^ss ^saiij ^ &p. 

6f3IB gfSOII £|5H USS feOI S0GSIM 3aSK)j SBB HS1 i£te fchffl- s £li^£§ 2&AIBP. 
§1} Ef^tlfe HEI ffllOIS B3I S! o[E IHIOIU B2IS 

S£l MOIUS 50 -C LHXI 350*C S^i UIOilAH 2 LH XI 3«2>*i PB3I^ ^lt[DL 

WI0ISS Hdl tHIOIUOil bISKM CH MS SSOIIAH SAiei ^, 300 LHXI 500'C g?| Ul CHI 

AH #£^:>l, 4^31 g^l^j, 41^1 g ^4: ^^i^iH] ^If^^j^iLt- IJ ^ ^^^i ^ SgHf a 

S ^^1^1^ 10S LHXI 120^ eB agSO. SfE HilOIUS 3gat LH CHI SiH4 ^^£j 

S ^2A|94AH OIWSSSAI SiH4 ^^0| O^^^'Sfe 5j^^A|9|3| 9|S 20ID. 

SfE fcHIOIUOHAH 500*C0|#°| S £ Oil AH CHyg g§0IIAH°l S£i ^SISOI ^El^ 

S^OI SOI SHI Ztm SB OF LI £!■ SBO| 3^S^I ^11- ^£1^^^ S^^Oll CEf^AH B^OI »a£10i 

qi-oi e^ani ^ofAi b^^oni ara. 

CMyii B?iife 600 LHXI 1200°C g« LH Oil AH <i^S?!3l, ^^^l S?l3l, 4g^l SI ^4: SB S?PI£I 
^SfSfl^lS 10S LHXI 120^ §E Stg^Q. 

SOG^ SI-NStfHS ^^92, S ii S^ehfe M?IPI e CHI AH fcHI Ol 

USfB Si-N li^OI Si-O^l^H^ x!^£l^ 52^ ^&iXj 2iCI. gBH &S01I £|6fB, IS^lHi SS 
Si-N g&OI Si-0 If2§ xl^£jXI^ SfbCf. 3SXIB, ^ ^SOil Hfg MEI^^&fi g^Sfe S0G§ 
MBS\0\ SB»« S0G Qt* 8SB ^, S§§ 4S6fe §^0i! Si-NSBOI SlOi CVD »S0|| 

ojyiy g§2i s£^^ 6ooraiBB §^oii^ gsmxi ^ouh si-n s&oi .^^sfoi ^if^oj ^ 
soil ^sge mm ^^d\ 91o\m-u\^^x\ sh, oiyg §§21 12001c ^s s^chi^, 

SEff , 0)yg S§°J 4SAIB0I 10^ MP §^0||^ S0G^ v 0| ^£|^ A[ofQ|o^oj S ^0| f§f 

shah bf^smxi 120^# si^m^ s^oiife m^o\ m?\sio\ bf^^ai 

XI bd. 

O^y^' Si§ Si-N Si-0Si^HS Cil Sjt^t!- ^?|3IB ttmg ^^j^lOiiAH ^S&D. Oil 

S SB. <L^ S?i3l ( 4§^l S¥I3I, ^^D\SH ^^^IQIIAH ^liSfe 20| b^^oKlf . ^ 

61, ^§^l ^^I^IOilAH 4S§lb 31 01 bF&5!6hQ. 01 (EH , «?l 31 S0|| AH S| 1.2 LHXI 86^^%= 

^xia^ soi b^^sima. 

B &S0II ^SOII S0G OlgofW ^^|3f 5000 UiXI 10000a B <^sf ^dl^^m 

^b s xiis^ aenf sa. 

AlBgB fflmoiES MEI^^ShS ^gJSFOj S (f ract ionat ion}0|| £|SH 85 gX^OI 4500 LH 
XI 70000 1 J2 , mX\g cHE^I 3.0 LHXI 4, 0B IH^OI^s idl^^Si ^^t!Lf . HiSh0l=M 
M£I^P^# B^^!0il 22 UiX! 25^3^ S6HAI34AH ^BSeaH^i 5^11 Xil^m^a. 

tr S0G 6HIRS = AH mm ^E\B^0\\ Q\°i gT5| 4 0 oiaf£| B^^. 

^^1 S0G SB ^ If AI3i^fB AH *§S 13- £ 5 Oil UPt" bf2f §£ ^ 

UPLK21P. 

£ 5^ SB ^£ e°fCil III ^Jl S0G §£ ^IfM PPtH 3.BHH0IP. £ 5Pi 3EHHC1IAH AHI 
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s^S §£(&?): mPa.s)» U£}LO. AllS^g S& ^E(1/s)« Lfayia. E 5S¥EH if 4= 2ig HI 
2i I*0l. feOI SOGS^S 54 LHII 420 (1/s)S| S3 ^EOIIAH 1 UJ XI 10 mPa.s°l § = 3 UEJ^ 

S if 4* 2iD. 

£ 6 UIII £ 10S g S|§h §2} S£ej ggSD. 

£ 7S IfSSIS, UI5H10) 4hOI| S&S! yESS XIIS§§0|| SISH ffljEIM ^IfS IS*! QSOII 9 00*2 
S gl! aaaj #08 3^ dKd Hue (12)01 9IIO|ffl« fiUlfiQ(SIO). 

E 8S #31 BPSG, HDP thSfSf Eg SEJSEI& SOG^S §S}8I01 dH£iIH@(12)S SS 

si gssi aa^d4)* saep(si2). 

E 9M g£»H. Si02, Ce02, AI203. Mn203§ WIOI^H 8|g ^£I£IS 338fQAI § CMP 1 

s^(i4)g soisia HHdnHg(i2)si hsoi Egg rawn aaa^u)* ai^ecKsu). oi m. 

A|§£|g e£|Elg 3^HH£!01I blolO) §£^(14)011 CH6H ±| 2*<!f! §i dPI te^l ffllg Oil § CMP ggOII 2ISH 
aSOfaOi S^HH<yiW§i2J #BMQ CH 23|| HI^SCI. OI Oil fe^S i^a,^ e^dH£! AhOIOil B»» 

iixm BO. 

E 10S ill gOII agn|(18)« S«8K?I ¥t8KH B & V SS| S£I£!£I2 31! 
goH= A.a3gffCKS16). 

0IOIAH, 3§e|(16)S 50 LHII 350"C S?) LHOHAi 1LHH 5S^ OB^tlS SEI BII0IUSCKS18). 

□SOU SES 300 LHII 500*C g?|s 4f^A|3IH H20 5*131011*1 10 g LHII 1205 §£ SIE tflOISS 
5IS&CKS20). SIE tHIOlU SgOH SJSH 3Snt(16) U)S| SiH4 £gOI ggSI 0|g3|&'SCh 

asm sgefi ifsia}°s ssai3pi ^shoi cHyg s§§ sis&q(s22). ofya s§ sas 600 

UIXI 1200-C g?l LHOIIAH <L^59I3|, 4=S3i s^;>i, 4*g3i §y Stt-«fl3l2l ^»S9|3IS 10g 

urn 1205 §e aaea. 

naie. si-nbcs si-o ji&sich, ses ses §>g ^eis s*sa. 

01 OH. ShE tHIOlU B31I0IIAH SgSI SiH4 £gO| Hi»a 4fEH0|SS HEI9 tttfOI SlflSQ. Z2EHE 
e, *S= 3IOIIHSI Oiyg SSAI nf El SOII SIS QlOIIie a^AIH 4- SJ.CHA1 . &slR2| MCFT 
OlolS 39ICHS 4= SICHAH BOjttgis St 391 4> SI 311 BD. 

E 11S HEI UflOlUa 4f EH Oil AH SOGSfS FT-IRS if4£f «{S8iaa. E 110IIAH it ^ 91^ b|2f 
«0|. H£l WIOIU *0||fe. ±SS| BS gs|0||AH N-H, Si-H, Si-N, Si-HiSS| g^S UEiLHfe S4= E| 
31 UEiaa. 01 IB. ^ = 31^ g^S ^ = 91^ XIOIIIS §2} 3.63 x 10 e (0yne/cni 2 )il UEiyi 

a. m. si-H aaoi sih&s s- 4= tnej-Aj , s stsoiiAHfc si-h gf§ sie mioiu bsi^iioiiah 

0I£I OfS?I^A|^JCI. ZlEiSS. CHyg SSAI Si-H SSIU ^11 g?!?! 3|^°| ygOII SI 6H 

gg g^SSI SjHiAllJ 4= &g 20ID. 

£ 12g CHyH ^§Sf Si4Ei LI-EILH g FT— IR H2HH0I CI . £ 12 Oil AH S 4= 2ig HISf ^Ol . 
Oiyg ^Ollfe. £g°| El§ g^iOHAH Si-OSl ll l ^§ UEILHg 54= EI3* UEI«C|. 0| EH, 
± ^§th S3! -1.22 x 108(Dyne/cm 2 )S UEIktiD. E 12= , SOG^USI Si-Ng&g Si-03SE 
s £s ^shscH <ys[ ^£|ge|os s§g2!§i ^ 4= £!C|. 

ES, g V8S| SIE BIIOIU EtflV M£I^£IS SgafSI ^^l iSi ttHSB C|§3 

SO. 

g ttaoi'-SISH ISi BBIAIB^S 4'£IE 6Jtmsj *|^S( A /min)^SS QS ifSr^Ma HIBSI 

(sua so. 



HDP ^ Al-Oi 


900 




50 


3 


1 


1 


30 




1100 


520 


70 


5 


1 


1 


30 


FOx) 




1080 


130 


8 


2 


2 


310 



C[P ^lfove3|. >;£j §015^ Aj2.ni ^fgg 4, oiq Q}g|Ai , orE: bilOlUe SKH^S S 
A-i Q§ <^IfR3} ^t^mOj Affsfb 5101 ^F^^D. 

LKdW D^m SI ^ ^§01 ^fefg ^SaJ-OII >il °[CHA-i §^|§f 20101, Olci^ g| ^ ^goi ^¥ 
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1! ^SlS^g^lOII SSff 20|P. ^SSl ^AlOHOIIAHfe S^UfltiSI i'J a a OB OiSH ^gst 

2LXIB 0^ 31 CHI =&3fe 201 OIUBI Saiijj ±j} S£ | S o||AH =aixl« JHSfe ga, Se ?-IEof?J 

sj HiM£f£i£i assess Aissffe as 3Hs»q. 



& as 011 sishs, m cmp §§ s u SS nit gig sai^afsh ttm^m A\mu 

Oil iUEIS tfiSS 3HISPI flSKX 2gSf°l tHIOlU B3ilO||AH »= HllOlUg *8»D. Z32HHS, Cite! 
3 I§ SOU agn}0|| &Si SiH4 3^§ §S8f3|| OU^fcia 4= SICK SiH4°l 0153^ SOU Ofyg 
ill ^SSSSttl 9IIO|ffl2| 0)yS §§A| I&Elfi V«| U £gf gJXiaHSJW g£S 

SES, O^yi! gg SOU 2f9f2| ^M3\ MCFT 0l§f3|- gEH CMP g§ 5e Oil Xl H» ggog agafsi 

^wis y«2sw isiii»3 asstsi saittga etna ^ a a. ©sun, ass & 

aSS »4Uia 4= SID. 



1 

feoi HH£inie£! 4faoi ttgsa 401 aasts s opesss soisii= B3ii; 

3ge|l g£ol3| flSKH &3| lit gO« S£I4!EI&§ S»»fc ±2! S SSJI^ 31 §2!jS £S 

&3I 3gs|S 50 LH XI 350'C l£g H£l Wl 01 USUI, 0IOUH. 300 LHXI 500 - C §Eh SIS tfllOISJSJfe 
B3II: 

H0\ 3gat8 tfS«*PI(HI/d gXHEISfe B3f|g ?blff 51 ?§2i SFfe §S6f IS^S. 
§?a 2 

HI 1 » (HI SACHAd , &3| aaa, v S BPSG, HDP ^Set. BSIftlStB »?? 8 g£H^ § CHi= 

sm oj si s§°s »t se[ as&i- aaas. 
a=?a 3 

HI 2 SOU 910\M, &3I CMP gg°l =£|£lfe S i 02 . Ce02, A1203, Mn203S BIIOI^s 3 ^ ^£)£I£J 2i 
4 

HI 1 a OH 2JCH AH , &3| »£l^£l& r^S S g£H^ gsijS 

^S^'OI -(SiH 2 NH)„-(^g, n § gf°l §^0ia)O|H, §g§3 SXIifOI 4000 LH XI 8000012, 5X11? 

SSE3I 3.0 LHXI 4.02J fflStOIEM BSIftlStS 3 LH XI 15SSW » §0H 97 LH XI 85S^%S SffSfte 
2S Site #2} asai Iggg. 

5 

M 4 901 SIOIAH, #3| i3 S S£H± 54 LHXI 420 (1/s)2| SB ^EOHAi 1 LHXI 10 mPa.sSI 

6 

HI 4 tfOII 21CHAH, ^31 >;a g gEH^ §2!<S SIXI^OH d»OI 4* 0I»2| ^1 2 

S ^§£S Slfe #21 i^e} Iggfg. 

S^S- 7 

HI 4 SOU aCHA), &3| ^5! S S£Hi g±, S^, 2J , HI4:. 9i SI 

SOHAH <^§!S ™0\E. 5IU°1 Sl'Sfe S&Sfe 3i^S2S Sffe aa&f 

BVEH 

a?a 8 

HI 4 g Oil SiCHAH, ^31 SOHfe 3^S! CI ¥ I! (HI 91 = a! 2f f§£§ SFfe SS2} g 

a?a 9 

HI 1 a OH 2iOI AH , feOI gSH£| &3||°| S£ g¥l^ 600 LHXI 1,200"C2J 2« §S°S Sffe §^ IS 
10 

HI 9 a OH 2JOIAH. 40| gxH£| B3i|fe £J± SSN3I, 4=S3| S?|3|, #±2} ^§3I=I gff S?|3| SSI 
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&&m%3\mM 10 mxi 120s zi- ais[fe 5§ ^§21 sib si so* 
11 

HI 1 SOll 2101 AH, S?l 2§B*2| *M?\ 500 U) XI 10.000a oi 2§ ago 5 §^= §jj g^oj. 
12 

M 1 SOU S101AH, 4^1 S1H WIOIU Er^lfe S9IPI. ^§31 »?PI. #±21 4=§:>I2I 
SA3I2I CMi= S #11 M?l 3 1 Oil AH 10 LHXI 120*2} S«»fc 3S ^§£s 511= 8 a Of g§« 

13 

m 1 soil aioHAi, s^i sie wioiu eat s± eflsi. as ssi oi^ s efoiooAi 

10 LHXI 120S 2! SiSSlfe 5ds "§2§ Site gZI §£2| iggjg. 
S?S 14 

a 1 SOll 21CH/H. S^l SIE UHOIU OI 3gat2) SICH ¥J1P1 3B«a« a 31 ?I oi&a 

g?oiib aaittai a 311 ¥ii oisis i§§ ch ^hisi^ 5§ s § o g Sfi = S2 > 

af tH 

S?S 16 

£2 B*£H D\& ^Oil §SSI-fe BM; 

fgs^l ?|3K)| ^31 &0\\ B£ltf£tSS 5§Sfe £ i£H^ 31 g^M 

igms 500'c 015^21 8£0UH HSJ U||0llJ6|-fc 
6PI HEI WIOIU 01*. iOI 2g°4^ SI CH ¥3HPI- 38^21 SOI ¥31^ 3B|tttil SSI ^fl! 01^81 

17 

BxflH 8£S EH ^ 01 l^S BJEfll 3 IB &0II IS^I lS5ffe B3I; 

afe ear. 

401 sg^i x-it 1 8£ s ^ oil ah = a wioiu am, oi ch ah , xii 1 ±m 8E Ma m 2 ^§ 

8£ g¥|0||AH 6hH " WlOIUShte B3I ; 

6f2| 3g^f HD\ M 2 ^'g Xii 3 ±^ ¥^^$\Q\\A-\ ^! Oil AH ^xHEJo^ B^l 

18 

Efxf^f g^E! EH ^1 01 ^£^1 ^1^ ^011 2ga[f l^sPI ^5^01 S£l^£f^S £^Sfe ^ 

3 ^ SSH'^ 3g g^M £^5^ Er^l ; 

^Ol 2g §°-lii S^A|3iA-i 31^1 ^SSFfe B3I; 

S^^l LH£I D\± %mm 0l^D\&5l±= SI 

401 3g^t ^sf^oa ^saf^i $\s\o\ cnyumfe esig ^yis^ s§ ^§£^ s^e s 

o ct S . 

19 

HI 18 SOU £10Un, feOI S2.!*Jc;*h 8 e2H^ 

^£^0! -(SiH 2 NH) n -(^ie, n S SS| §^0ICf)0II2. g^^H SXf^OI 4000 LH XI 8000012, MXfg 
3.0 LHXI 4.0°" u-iSFOlE^ 20 UIXI 30g^%; <M SOU 80 LHXI 70#^%« M^Sfb 

S?» 20 

XII 19 S0II 2iCH Ai , ^}| ^E! 8 54 LHXI 420 (1/s)£| ^£011 AH 1 LHXI 10 mPa.s^i 
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21 

HI 19 ©Oil 2JOU-). &D\ ±B S S£H± SHI^OII CHWOI 4" 0ISF2I ga|§ 2, l S 5>fe 

5§ ii2§ sfe mil aaaj issa. 

g^g 22 

HI 19 if Oil 2JOUH. 43| ±B & SBHi: §2ijg g^, g±, 2J , Hl±, &± g tf^e :?4!g 

soiiah a^g ^ohe sm°i §ii assife isii sssht as fg£i sffe *^ gaS f §4 
23 

HI 19 SOII 9JLO\M. 421 §0Hfe a^g] H2fe CI ¥ C Oil ED = 2J 31 ?§°§ gffe gZ! 
24 

HI 18 m, 1 " Oil 2iCH AH , 42I Olb'U E+3II2I SE 600 LHXI 1,200t)2J S§ ^S°S Slfe S2J- IS 

Of Igg}g. 

25 

HI 24 &OII 2I0UH, 4^1 g*)£| ^§31 , 6.^21 =£g:>|2| gf S?|3| E 

21 £hSfS?PIOI|AH 10 UXI 1205ZI SSS^fe 2« Shfe SZh ggaf gggg. 

S^S 26 

HI 18 S01I 2J0IAH, 421 S3 BSIfe 50 UtXI 350 - C SE2! SE g?IO||AH S£l WlOIUSfe 
S^ff 27 

HI 26 SOII 21 01 AH, 431 0>* ^4 B3lfe 300 L« XI 500*C g£2| g E g^jollAH 8t = WlOIUShfe 21 

28 

HI 27 SOU 2iCHAi. 43>l SfE U1I0IU E+31lfer H± &9\D\ , =£g3>| S?PI, 6.^2} 4=S^I2| if Sfl 

5i2i cHi= m &mm9\D\o\\M 10 mxi 12052} assn= 52s ^§21 is^ §4&s. 
a? a- 29 

HI 27 SOU SiOIA), 431 8h = mi 01 E}3||fe 14: 89131. as §21 OIE: §r iSS SSI 31 Oil 
AH 10 LHII 120S2} 3iSfe 2§ =12= S^fe 8 21 Of fggg. 

Z&1 



















* 
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C pf 19 



ft ^ £ 



O 



o 
"o 



o 



o 
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(19) St*t 



hi :>ie &011 issm, hh£iih§}2j #301 401 as^s s cmp§§£^ a 

□hsm, gasw an gou BEigBtss s»sht ^ei s 

£ 50 LH XI 35CTC §££ H£i Ml 01 S SHI, 0| Oi A-j , 300 L-H XI 500 °C §£S tHI 

OIUBfH, 21^1 ^lf^?l^l0ilAH 8fl£ieCL (IF^Ai , £ ^ S Oil AH ^ 6F£ HI0I1J Sit ^SSSS 

Mi oig^aafc gf« a^asoi ma a tttiis sjsi»2smi ssoiiah gz-iai 01° sgatg a 

gJIISf 4^ SID. 

j££ 



z^e^ tfg 

£ 1S Birl HH§! &WI 1S§ i2^£J IS S^EHB UBfcH ES. 

£ 2£r £ 12| ee! 1221011 ¥^ CMP gii 4'A|6^ SSf BBSMI 2 01-t! UBfcH 

£ 3S £ ia aasfoii § cmp s§i AiAistoi me si asum ubus £3. 

£ 4^ £ 32J CMP 3§ soil ^¥0il ISS^ ££^ gEH« UBfcH £2. 

£ 5^ S ^SOII 21*1 SB^BS ^9 S 531:6 €^2j § : £ UBfcH 3EHH. 

£ 6^ B Oil 2!tl SSat iS^gf igol^l sjsi- ^a-|£. 

£ 7 UiXI £ 10S S ^gOil 2|ff m?l tS^SI UBfcH g§ £Ai£. 

£ 11S S BtBOII 2|ff SOGRS £cl BflOlUe S, &3gt ^S^£B UBLHfe FT- 1 R xtM . 

£ 12fe B ^ffloil 2|& 0IW8B *. *3tt ^B4>£S UBUte FT-iR »£. 
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10 




12 




14 




16 


5H 

= o 


18 





at so/ ^oft: Jig as J rotst mauim 

¥ g§8 gei 1£R SS^SOil SB SHMAH , ^Si f§(FULL) CMP ^ 3 ^ HH £ AH g 8 

»£I£|S*SB fi»8*te ±B B e£H^(S0G : SPIN ON GLASS) §^2^ 2g5fb gJSOII B*± 51010. 

^BUOil S^H2f SB 0HH12i g^fi S^Oil CD£|- El SSI §fl£ dls^SS SIP. 3 21 

soil sichah, be»i safe :n^©s gststt- maichi chsssi hs Dtm 5!oi £?acf. 
oi a e s^oii ^ssK)i ysai safe ssis, <^£i£ » g&^s §§ »^Ai3jt ssfss sis ?i 
=roi «aa2 sad. 

s^j u^m ass^i ?imoi bsj pis- ^oii arg e& ^xts s«8i-oiot asmoke zt ±x\ms 

AHS aSSOIttt 8HIK. Si^2] ±D\ J\^m of 01 HIS S§ SgOii ^§ £X r #g S3|2|£3 

4m s^okmoi: e asPh-si^i aao. mos ^ oboist vlsi ^ uisi §ii§§ 401 ^xf#2| bs 

£So^fe Q§ S^(multi level interconnection) 3*bCK 

01 a ^1 3* ^^OIIAH, S4=(number of layerspr S^SOfl CDSI/d , S^S(top layer)2j 

8^(topography)S CH^ H 0||« SB. S £fe 3 OI4f2| §£?S0| !£SO] 2ife BES 

9II0IIBI* 33158ft 8*011. £h»ot. OSS «£IS £2§ » HI 1 S^HH£S0| l^SOi 2ife 

ysxii flioiiHoii ai 1 sei i^^i hi 2 ^^§1 ^ss^i ?i& uio^s gssia. hi 1 

S21 12^21 8r¥ ^£#01 g^^(uneven)a^| OAS Oil, Hi 1 m?l aH^2| HBOI §S @ Sm . 3£H 
§r HI l i^J 13^^011 HI 2 S^#S S|§ l^Sfe S^Oilfe, HI 2 i^§8 HI 1 S2i »HfifS| S 
i¥U B^EH^Oil e^(fracture)5fH HI 1 SZ! i^°4^ £S3f M^e^i §D. Oiae I§ 

01 BJSai 5M2| 411 XimAIEMU, QJEJ-A) , 3^ S^SdnuIti level metal interconnection) 

oiiAHfe at oh sfe hi 2 m^mm m^o\D\ sou ey aa^si g&s:n gsma. 

eZ! 12^1 S&S01I CHWOIfe, BIMM^ ^^Oi ^S BPSG (Borophosphorous Silicate Glass)^0IU 
SOG(Spin-On-Glass)afS OigS^fe ^SOIU, JWl^ SOKCheraical Mechanical Polishing; CMP) 

^a^o^ =^ tiH^^Sj ^1 DHSor^l ?!§!■ SZ> IH^^AHfe BPSGS Olgorfe ^S0| ^£1 

AfgacH scf. ague!, bpsgm e^mfe s§8 sbie^si 21^^ a stH #eh°i 21^^01 ^mn, 

Afg£j^ 2ife Pr^£ H^^^SJ- OfUdf ^^01 ^ofOI PJX-j|01|2| ?| g « 1 LH£5H2 2iD. 

CH^U. 256 Oil PI- 501^21 VLSI • HI5SPI ^loWfe S^SPr ^PfSrl) CI»2J«0i a^»0il 0> 

£K BPSGM AfS8f01 12^1 §^5 r 01 tiHd^BI iS2| DHS» CEHfe MOIS ^SOII H £1X1 SI 

i^£2 o\s[o\ ^mo\ xiB\^o7\L} 'm^ gsoiiAjHi a^i chi s. ±^mo\ ^ ?iQro\m in 
mpi ^imoi^^p^pj s.ig^^ g§nf ubieBi cMP-g§e ^tysfo^o^ ^ 12^01 °iq. 

s 1011 eais bfa aoi. *a aaaf s§§ piekiowi s^HHdnH@(i2) ^oii ezi 

m^^(U)m £55^ dHcjiIHe2] B^OII 2|oH SSOl ^Er^XI l^SQ. (L[R\M, ^ S 

§0! gO|or£^ R&m 8r^l ^lol-Oi S^^jo^ Qjixl^ 590IU CMP ii§ AhSSCf. 

£ 2 Oil EA|§! ¥^ CMP Si§ 5f^2j S^dH^nHgOl 1-#£IX| 12^21 g£fg}}|| ^ 

OhSffe SOICf . CTi^AH. EH&2I 5^£0II Cr£F 8&£ % CMP HI>iirOII S^M ^Oi OISHI NG( AhBSgf © 

^ ecH^fe e^)a as sum ir«BO. 

©£uh ( cife'om ^&£2j eashs ^drn^i ¥ia r ot s r ¥ 2H&21 t»s ?i^xi ^tn cmp« 

S(FULL) CMP a^lOI A[§3 2 21Q. 

£ 3011 £A|si- s CMP nHS dF= ?I^X| H£jU^I <£0\o\D\ ttH^OII LcgE BHSM 1SAI3PI ¥1 

H£iU, m CMP ^£i£|£j ^ ^ Oil (H£F ^^5fe OFOIB^ ^3 31 x| (MICRO SCRATCH ) ^ eimo^ # 

^ SSOilAH &^g(RESIOUE)S Sf«AI34Al HIM M^W S^5^ EHI^O! 

S CMP H Jg£ 2f£^ SD^s rjJl&j AfOlSJ 1SROI HfESMI 20F2ICH BXrM ^^5^1 gQ. 
01 a SOI BaS Bxf^ £ 40il £Altl- U\2} SOI ISSs! cill^(16)0|| g»S OI^Ai S^ES 
Uffi^ll BO. 

Ol Oil *}o\CA SOG^M Oietr 12^1 g^S^ §18 B^S ^§ g^m l§t 

4= 2icr S§2= y P| o, aiX4 oiQ 
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ClIM m&, 0\mm^ HI5, 310, 720s( issued to Shin et aDOIIfe S£lii£lSSS gge BP^ 
BfSftS tt±m$\l\QUM m±U ir ing)mOi 6h»4IBISSSS 2^AI3|^ 3HA|£|CH ao. 

£1, 0lif§ = ^cH HIS. 976, 618s (issued to Shunichi Fukuyama et al.XWte ¥?l SOGM £5§ m, 

2 gx-iai §§§ >i*uh ois &m gashes s^ai^i^ ggoi :>hai£|ch sip. 

SP4!P£3l2i SOGfe ^i^ B3S0I Si-N, Si-H, M-H1^2§ ^^£12, ^ II SBShte S«2lg 

Oil AH HilOISStB Si-N StfOI Si-01t2§ xlS^BP. 0 1 21 «S SOGM Ol^SfOj <L^lf S 
agg ^EJ 3g »gij» S2f S§ Oil £]6H ^it 4- 9iO\M. HISOI i^SQb §§§ 

aicj. nsiiB, si-N asoi si-o xi^axi^ at siem »aa sacksis^ 

liJHS 11-145286 SS). 

PPAH , £SS£j^ iiaiS^S g5H£J AfgS^ BPSG^OIU TEOSQtSa ITS #S P 

s iaa ai s:?!^ s*a 2^1 disoii aaafss Arssi^gife saiaoi sioi sa. 

3i £51 6r3l OH §011 £i££i^ tts} ¥^|£ SgSSKH 5f¥ 

sei >iioim s^oiu HH^m- ate £s§ hhs§§ ^wtt 4- ssip. 

BSI^EIS 5|S|g 3§g2i!S £5el PS Oil ^^J = S XOBPI fl»W 500'C 0|6F2| SEOIIAH 4*S 

sei- =£i wioisb hmshi. iaaasi ^5i§ ^s^es s»s^i ¥ie^ &m mwD\mM 4oo-c 

3£iU, SEItfaS 3g&f£] CHygAI SH^CHIA-i OhS^Hte SiH42f m9\D\ D\±5} BSSKM 

Si 022^ B8 EfES^OI ^^£!CH S*«8bPI- SP. 0| 5H *h ErEIgg 4^ nm 0|^2J 33IM 

^xicm, shoijhsi ays §§ai m-Eiss ^sskh qioixib bssmi mo. 

m , bp beis sh^s.ioeib ^soiiA-i a ^si s « s q . cny.s * 3g^°i ^jhpi- is.oooa 

01^21 3^S£S SSI *2HI(MCFT-: MAX I MUM' - CBACK • FREE THICKNESS) 0|#£S SSSH-OIOil li^^E^. 

b^oi grgstji sib shboi ao. 



PPAH, B tfS21 MBI^^^M ^3 S S£H^ Si^f ISS ^ll^os MgAIOII 



XII ^J" CHI 12^1 t^SHZ, £S HHS£J ^SOI ktSE^ ^^1 12^1 m CMPg§2I SOhSI- 

££6f2, 31&ti 50 LH XI 350 °C HEI HilOIUmiQ, OICHAi, 300 LHXI 500 °C fcHIOI 

^, S ttSOIIAib 300 LHXI 500°C2) of£ bilOlU e»« >i§£^ ^xH£l S§A| 0*5^ Ste 

&m S±SA|^ 4^ SIP. PdUH , ^xH£| S§A| u^Eie i'Ji 2?XH1T 4^ SIP . 

S ^ SOII AH 61-E fcHIOIS 01^011 ^§^£j ^JHPI- MCFT Ol^oj §¥0|J^ CHI XI ^ SSOIU CMP § 
3i^3 ^WPI- MCFT 016^1- £J£^ S§I CH S^Sfe 3^01 b^^^P. 

£°[, 5f£ BilOlU S§f ^USF^ Sg^HJ ^MD\ MCFT 0|^2i S^OIIfe Oil X\™ g§OIU CMP g§2 
^ SSO^a MCFT 01 61-91 £i£H| §'§§ Q ESSft 3S£ ^SQ. 

S s S Oil AH SEI^PSh 31^8 ^?^^0I -(SiH 2 NH) n -(^§, n £ g°l §4^0IP)0|J5, §§g2 ^Xf 
SOI 4000 LHXI 80000112, SXfir ^^£9f 3.0 LHXI 4.02J EiShOiHS S£|^£F& 3 LHXI 15g»% S 
gOH 97 LHXI 85SS%S S»SO. 

S ^§01! PE ^EB^EH^ ^5^01 -(SiH 2 NH) n -(^ie J n g ^£1 §4^0IP)0|^, e^S^ 

^XF^OI 4000 LHXI 800001 H , fXfg ^HE^F 3.0 LHXI 4.0°j SiS^OIES M£I^P5hM S&^P. 

MP^PSh£l XIIS gfas SX|£|CH SIP. DIH^ei a JS2§A]^ Sl^M ¥01^ S^IM ^SAI3| 
H, ^^^|(complex compound)* SSaUOta HJSAI S AH ^ SIP. 

O|2J0il£, SiCU SiH 2 CI 2 2F »S ^£1^ if 51 01 E 21- OfSiJg SlgAIS SBI^P^S tfS6fe SS, 

^p^e ^^P^^ePoiE^oHM A^eaFoi msi^p^e^ s^6f^ soi ^tf 

^(transition metal complex compound) S Afgo^d OhEJ sft^g^ sHf§# 
^ 4= ^ ( dehy d r ogena t i on ) 6f ^ §01 gXi£J0i Si P. 

Eth, Ollfg^ ^5] HI 5 ,494, 978^ (issued to Yasuo Shimizu et. al . )0||^ ^Xf^OI 100 LHXI 

100,00021 ¥51 Mdl^P^M OISSKS ^^€1 BEI«IBf5« X1I55^ SBOI ;HA|£JCH SIP. 

Olt^e^ ^ X-115,905, 130o( issued to Hirohiko Nakahara et al JOIIfe SEiOfDIin^^ m&mH i?l 
oj-OI EL = 21 SfE! W± &® SfSfM(polyhydrogenated nitrogen-containing compound)^ § 91 ^OH 61-011 M 
MpmoiE^^iof »»S(polyhydrooenated silicon compound)^ M5im0IE^21! 

If 14:-^ fififeM Hxll ^Iff ^DH (basic solid oxide catalyst )2i EXHSfOil SfSAIS Al 

B£lft!&5* XJISoFfe gJS- 01 9HAiaOi SIP. 

Dllfe^ mm HI5,436,398o( issued to Yasuo Shimizu et al.)0ilE SXf^OI 1,12021 S6K'IE 
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s»a«aB2i siswpi jhaieich 210. 

OISS^ ^oH *j|4S37304m( issued to Ayama et al.) 91 XII495038im ( i ssued to Takeuchi et al.)0Bfe 
S!6f^ MXFif# SS-l^df&S HI5S^ »H0l JHAIEICH 2iQ. 

fi e§ Oil AH AhgSife »£l 41^221 XilS gJSOIIfe X-iltr^ 2iCK ^ ^ Oil 2I6H m £-1 g Er 

S SOI 8^1 HISS? 4- 2AQ. 

#S?ff gXIE gJgOII 2JSH Xil£E! Hi orOI Ei^ wE.\MZ\&m S SgOII Afglf 4= 2iE^ SXUfOII CP'S 
S^S(fract ionat ion)M 0|g»OI M#5fOj AlgffCk 

s iraoBAi AFesife saastssi s»ae s»boi 4.ooosd ^eb, 2> s snsoii 2]oh 

B^l(outgassino)^ §^6[2, ^EISE^. XIUxMI gdl S»»OI 3S«at4B0l §01 oH AH bhBSj Si- 

ll am, 8,ooo« £j»ofb. sogs^°i sedi- m?\o\o\ 3§Ai2j ^sie sogsjsi 

eS£(uniformity)OI 1CHXUH b*BS|8HI SO. Hf^AH , fflShOIES «£I£!£fB£| MXf^8 4,000 LH 
X! 8,000, b*B5|»3|lte 4,500 LH XI 7,00001 Q. 

SS. §882 5»B£| die] Ha4l»S2| «»B gSE^f 3.0SQ ^22, S£l^ 

aaa «*» ms\ me^oi scxe/h his 4-soi lh-^ ^ouh h^^^xi an, 4.0s sisfs, # 
m ^aiE^i 2^01 g^^oHAH u^sjsui aa. (d^ah, sai^assi gag ^ee^ 3.0 mxi 4.0 

B 201 bh»5|8fQ. 

g*e mz.\uz}&m &d\ eoHOii sshaisai soog^e e stsoiiah Atmw ^ ^i § 

OH^AHfe ^ge[ Hffg acf. b^siSMIte, 3£ia!j» gfSf^l §0H, Q¥H0IIEI|s» US Oil Ell 

s g# AhSK 4^ 2ID. 

«£l4iaS* SBoffe S06 g^E OilS IS, ^£1^ S»sjO|| □6f01 4* 01 5^ sehe 2|g 

»fc 20! bf»2S|»a. SBISSfOI 4* SCf 33. »¥Bf3fS| ¥2*3 (adhesion) 01 LUflUH' b^^afXI a 

a. 

£D\ SOGS^E U9S- SB ^EOilAH 1 LHXi 10 mPa.s, bt»S|aMlfc 1 UiXI 8 mPa.sHI 8196* HEM 
S> = Q. S tfgOII CQ€ SOGg^g 54 LHXI 420 (1/s)2| SB ^EOiiAH 1 LHXI 10 mPa.s2j iJ § Er 9E 

s s>^a. 

SOGg^S SSOII DUSJ-A^fe i^, »£. 21, ti\±, gUf S!^S SBSFte &SS 

S M^S^AH *|CHE SfU Sfifff 4^ SiCI. 0I5I& M^esOilAH , g^, |A, oi ( m-^Pj. oja.§ 
SOGg^Oii g^l-S^ S^Oii^, SOGg^E^¥E| -S^g^ ^Ei^^OI i^fi S&S^I £|CH gBH 

£1 BSG^, BPSG^ . PSG^IHf m&m ?>b S|ES S^BCK E§l, &4iU gj^g 5 

waf^ ^i^ff m^m^k\ mj\ot&. ttm ^£1=^2121 ^ei ^sai^ 4= sick 

^otsi- s-s oil 2joH sog^s s§n set <^if ^ais^og s^Ai^ja. 

SsF B^lfe H£l Ml Old B3II S SfE UlOltJ E^i^ ^^SCf. 

E£l WlOl^m 50"C LHXI 350°C gfl LHOijA] 2 LHXI 3^21*1 CfB^s ^fygm. 

ai-E tfUOi^Jg E£i WlOI^'Oil bio^Oj CH ^rr EE Oil AH §A|^ SS^CL ^, 300 UiXI 500'C g^i UiOil 

ah ^±^^i^i , 4-e^i ^^i^i, ^b?\ s ^¥i^i2i ^if^^i^m g^pi ai sgnf ^ 

S ^^i^l^ 10g LHXI 120^ §°J ofE tfilOliJg 3§af LHOil SiH4 ^^2| Ol^D[£ 

m ^eiai^ah oiy^g^Ai sm4 s^oi o^^^s^ g^s s^sai^pi 9\m aom. 

5[E bilOIUOilAH 500°CO|^2| EE Oil AH ^§5^3, Oi W S S§0i|AH2J S£| ftjaFSOl ^ £1 S 6.H[gso| 
S#0| gOimXI ^1 £2} O^LIdf E30I g^af^l ^^ ^£l§2§ S&'^Oil ELFEIAH 3^01 ^^£IOi 
^^El^ ^Sf ^di^ S| 01 2^afXI S^OfAH d^*>mXi SfCK 

Oiyg B^llb 600 UiXI 1200'C gfl LHOil AH ^^^^l^i, 4^?l g^i^l, ^e^l S it ^3|2j 

^sfg^i^l^ 10^ LHXI 120^ §E 3§&a. 

#£t^^e^|2J SOGfe D\B ^^2| Si-N^WEM ^?^Ej^, ^4: ^ if S&afe S?l^l gOilAH BilOl 

ua^s si-n a&oi si-osff^s xi^ei^ 52^ &a7n s^a. e^H »boii sishe, ap2s 

Si-N l^Ol Si-0 It2§ xl^EIXI^ a^Cf. 3gXl°h ^ ^«0il D>S SB.I^^&# l^gfe SOGS 

Afgafoi sgohoi sog m, %m i§§ 4i5fb s^oii si-n^^oi aoi cvd as 011 

oiy^,' s§2i g£^ eootoiBS! s^oife ss^ g^afxi sfohAi si-N aeoi E^mcx aaw$ m 

SOii evgSe Oil! ga^ 2ICHAH bf^^imXI SfH, 01 US §§2j g£^| 1200°CMQ 28 g^Oilfe, 

^^E3^ ^ai^ <^sf°i£i g^E^i- xiafEi^iu 3^oi ^^a^oj 5] of xi sfD. 

E§! , OiyS S§2| 4^SA|^0! 10^ MCf Sj-g S^Oil^ S0GQIOI ^djg ^0402^ 2^0! 

oH ah mg-siahxi sin, 120^8 s^ahfe g^oii^ ^^ei^ *£z\e &m^°\ m^o\ m^mo\ u\^^o\ 
XI so. 

cnyii g§8 si-N mmm s\-omm^^ s^rn^ qi ^mm mmiizi ttmg ^^^ioiiah ^ts&a. on 
m mb, &± m?\j\, , 4^^^i2j mm ^^^ioiiah ^sa^ 201 bh^smp. m 

ai, 4^e^i ^^i^ioiiAH 4^sa^ 201 b^^afa. 01 oh, ^¥i^ieoiiAi2j ±ms 1.2 lhxi 86g^%= 
^xia^ 301 d^*]ma. 

^ ^SOil CCfS aS Oil 2|§H SOG OlBoltt ^MJ\ 5000 LHXI 10000a °J ^dl^^M IS 

« ^ a a. 
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±B S SEH± ££g21 cma go. 

AieSffl EISfOIES SSI ft! BBS ?a»« Sg3(fractionation)0|| 2|SH §g SXIgOl 4500 LH 
XI 7000012, s»Sf SSE2I 3.0 LHXI 4, OB IHSfOIES B£l6|Bt58 4*^»Q ^§tS ffiSK)l<=s 
aSlftlStSS 3613011 22 LHXI 25§^%2| feS£ S8HAI31AH ^5!S^2D^ 5S§§ SlSWaa ?i 
ff SOG 8Hiafos AH a a ^ag^OII ga § zj S * 3 gt ga 4 - 0)8f2| ^ = 

Uf EJ- bdi . 

6PI SOG SB ^El I**! A|3^SAH §Ef *§5h S3f £ 5011 U&tf ttfB »£ |C a 

St UEMJSCf. 

E 5fe SB ^E aaofl BS SOG g2>|°| §£ SS1S UEiy nSHEOICh E 5°) 3£HH0||AH All 
= SE(B9I: mPa.s)S I4EILH3, A||£4£ SB ^E(1/s)S U&t«a. £ gf - gife 

2 S0GS ™ S 54 1,1X1 420 (1/S)£J S& ^EOIIAH 1 LHXI 10 mPa.s°l 819 fit I£I UQ-yj 

E 6 LHXI E 108 B VSOy 2|§} SB agof lgg§§ gffa. 

£ 7M SfSSfB. 3>IB(10) gOII BE3I HI5SS0II °J SH HfEIS cfSOB 12^° 

£ §2 IS°4 #01 bHdMS(12)0i |g§ 3I0IHS gdlffCKSIO). 

E 8S SS»B. BPSG, HDP ^»Of Ei= S£|g£[B SOGQfS S*fSK)j aH£iIH@(12)« S S 

SI g£i SSBf(14)* SS&CKS12). 

E 9S S2ESB, Si02, Ce02, AI203. Mn203# HllOliS 81^ ftSSIB S38h3AI 3 CMP gjgoe s 
Sa|(i4)g BOhSfOi HHdfflg!( 12)21 HSOI ESS tEHWXI §!SSM14)§ Sl^ttCKSH) oi an 

AfSSIfc.aaafe s^OH^OII HI 8*01 §Be|(14)0)| CH5H Ajztfisjui^ k^l OHgOH § CMP 9 3 Oil £|5H 
I!fBC»SCH S^dH2iIHij2) fe^Sa LH £31 fll^BCL Old ^>IS law g^dHd afoioii axis 
^ I* XI D\\ § CI* . 

|J^s^58^B. S»» 3fB g^g &0)| 3ga}(18)§ ?|8f04 S UgSj «at|Et5 2i 

<=>^->s — ^ C| ( S 1 6 ) . 

0ICHA-), 3ge|(16)S 50 LHXI 350TC 8 9) UOHAi 1LHXI 55 B DB^III = E| WI0IS&CKS18). 

D§0)| SEi 300 LHXI 500'C gfls ^^A|3|2 H20 S^IDIOIIAH 10 S LHXI 1205 3*E tfllOliJS 

S8ffCKS20). SIE HilOlU BgOil 2|SH 3gaf(16) LH2J SiH4 S^OI SS8I OfS^SCh 

umou sgofi ^sjafog e»Ai9i3i ?isfoj onyi! s§§ a«ea(s22). cnyg g§ 532 600 

LHx! 120"° A^^np^" 5 ^^ 1 ' mSf]DL ^ mJl * -= MS?I?|5 10S 

naa. si-ns^s si-o ggss xi^eich. sbs as§ g>fe ^as <ysfei£S s%=ta. 

01 w, stE wioiu bjiioiiah gssi siH4 ssoi a^a ^ehoihs mag s?^oi sjflisp na° 
s. ^ fiioiitisi cnyg ssai ni ei soil 21 e aioixia a^Aiu 4= ^ohah, ^21^21 ¥^iis mcr 

OI8f= «|CH& ^ yoiAH 3^gai 2jai£ 4= 2131 BCt . 

£ 118 EEI UHOIUB ^ EH OH AH SOGQfS FT-IRS SS^Ei ^§3^01. E 110IIAH if 4 bfPf 
«0I. H£| miOID *0ilfe. ±ms\ Wt^ g^OIIAH N-H, Si-H, Si-N. Si-H#°| H'l UBLHfc E| - 

as uaaa. oi m. ^Mai>; ± = s\\± thoixis «ae-s» 3.63 x io 8 (Dyne/cm 2 )s u'ayj 

□ . ^. Si-H SSOI SXH»S a v 4 2ia. m&M. S V S OH AH Si-H gfi S^E uilOIS B3H3II0IIAH 
0I£I 0^^4JA|5|Q. 3aSS, CHyg g§A| Si-H SO 6.^ S^^l 3^2| agon 2li i 33 

3b S^SSI ^MA\m 4 2Jfe 201 CI. 

E 12fe Otyg ^, I'iiEi U&Ult FT-IR 32HH0IQ. E 120)1 AH K 4 HF2I 901 

OIWS ^Olife, a^2J 13 g 91 Oil AH Si-02) §g°}§ UEUHfc S4 EI3« UEJ«D 01 an ^sgi 
- ^§ "1.22 x 108(Dyne/cm 2 )S UEUdtQ. E 12e^H. S0G^LH2j Si-NS&S Si-^OSBS 

s EE ^#£ICH SfSth 6f» fe'Elg^oe S^SEt^S ^ 4 2iQ . 

E&, S SfS2| 8*E BIIOIU B3IIS M£lfe'£IB 3g^2| ^aj i>2t§ a gi ^HMB DS2f 

S agOII 2J3H ISS S£li'£fB ^!£|S ^sfojoj #< m a /min)^S€ Di ^11°^^ UISSF 

( s i ia itci. 
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IB 1] 





LAL 500 


LAL 200 


100: 1 HF 


TIB SC1 


HB SCI 






HDP ^A|0| 


900 




50 


3 


1 


1 


30 




1100 


520 


70 


5 


1 


1 


30 


FOx) 




1080 


130 


8 


2 


2 


310 



s ion u&y bia- soi. s ttsoii 21 e beibsis a a a &»sts si= wioia e?n« ^soiis s 
^sin a§ M^ia y,°i mmm M^mm ;>i§s s * 21a. coeuh. sfB mi 01 us siqeis s 

EISEIS ^3 B S2Hi SgOfSJ A| 2f §Si 3 CHS «XI»§} 4= 2iC|. SS0II 
A| DS SimOi AISSIB 201 3|fe8tO. 

tilSi 1t0\ B VSS AIAIOIIOB Ql SH AH 5} g/J8l tfSSHXIB B SS2| 3|*AI4 S?l 

lhoiiah a§,*e si a 4*§oi ^te»s ssiiooi £ichah gs«& aom. oiae* si a 4§oi iv 
a ^si§^g¥ioii ^s§ sas 201a. 4s*>- ^ ai 011 chiah ^ s^midsi m& lesion choH msb\ 
anai oi^ioii ^est 201 oma ^xibeisoila) bs«xi§ xh^b g§ , at ?-isai£j 

blSaS!S|"a830f2S AlgSIB 2£ 



b vaofi sisie, § cmp s§ * t#s roes isssib lis sei^eis- ±jeib aimai 
oii Ei ei it m-gm 2j»isi3i ?isioi sgejoj miois bsioiia) sis mioius 4*issm. cny 

g S3 S0II SgBMI B88 SiH4 3|±§ SBS^I 0IS3h4tf 4= SICK SiH4°l 0IS3I4 *0fl 
Sii ^SeoSMI 9110101 SI Oiyg SSAI EIEIM V«t gJ 2g§ &Iieo£JW g^g g£j ±i 

EIS 4IEIB ^aafSI 3e)SJ-£S« sjniaf 4= 2JO-. 

SESK CHyg Si SOU 3§e|S| ^MD\ MCFT 016131 £J£= CMP Si SB Ollxl esj il£2 3§QfB| 
¥JHI» k l g£SM) SEI*JEI2 *JEIB tfSW2| H^fe^S 2{SI» 4= 2iQ. IIEIA-I, gfEfl §S|£| aj 
a^i ff^Alfi 4= 2JCI. 



(57) @=P£i mm 
§?§f 1 

UHiiimSOl iiS ShEfll 3IB 40|| IS^S S43IB 33)1; 

431 e^r uiramiesi 4^01 ttg£s a^i g^s^g g cmp§§°s soisib 9511; 

31^1 S4SI3I ?|S|C* 40| 4011 SEI^EISffi SSSIB ±S g §2H^ 31 §2!|S 

sib eai: 

431 aga|« 50 LHIl 350t: §£S HEI BUOIUSIH, 01 01 AH, 300 LHIl 500'C g£M 51= mi 01 U SIB 
B3)|; 

431 2g°4i 6iSB?l?IO||AI gx-jEISIB ^blth 21 sgog sfe gji ssaf S4^S. 

2 

HI 1 8KHI 2iCHA), 43| 125fS BPSG. HOP ^SfOf, SE|^EI& &8 ^9 B gSH^ 6iS|e| g 0)J= 
SIU £J 3S8 ^§°g SIB §S9| gggfS. 

3 

HI 2 g0|| SSCHAI, 43| CMP S§°l #E)EIB Si02, Ce02, AI203, Mn203S UIIOI^S SIB ^EiEISl 2i 
^§2? SIB §2} isef ig^g. 

S?S 4 

HI 1 eroil SiOIAH, 43| sei^'eis ^B S g£H^ sews 

^5401 -(SiH 2 NH)„-(4s, n S gf2| §4=01 Q)0|Ji . ' §§13 BUgOl 4000 Dill 8000012, BXfg 
BSS3I 3.0 U XI 4.0&! fflSIOIBS MEI^EIS 3 Dili 15SS% SI §0H 97 LHXI 85gif%S SSSIB 
51 l§2§ SIB m?} 19 31 g«gfB. 

5 

HI 4 gOR SiOiAi, 431 ^51 B gEH^ §2!jB 54 LHIl 420 (1/s)2) SB ^£0)|Ai 1 LHIl 10 mPa.s°l 
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IIS §Ei 5>fe 51 «g oe Shfe gjj gSQf gggfs. 

s^s 6 

HI 4 SOII 210UH, &OI ±H g sa)i sohs sHiajOII CHSKX 4' 0I8H=I giUM 2|g §>te 2 

§ isei »fc sei is g| g^sa. 

§^S 7 

50IIAH dSjS 5jCH£ SfUSI S±S SSSFfe SttStb 21 sx,os S 5h § S ov gg 

at- s=h 

o o . 

a^s 8 

HI 4 gfOII 210) AH, &OI SOHfe B^Sj ^fe CI ¥ H 0)1 Ell = °J 21 ?§2g sffe 1^S| g 

S gf g . 

9 

HI 1 SOII 21CHAH, S?l SSI2I B3)|°| s £ 600 mil 1.2001c S! 2i agog SFte S2 f g S 

2} ssgfg. 

a^s 10 

HI 9 S0II 2JCHAH, 40| gxHEJ B3flfe L>± S¥)?l, 4=§2I S¥I3I, #£2* =£g:>|£| §g §o| 
^SfS9)3|0IIA| 10 LHII 120S21 SgS)fe 51 *§£g Slfe SB 1 a s» USgg. 

a?s 11 

HI 1 S0)l £10) AH. S3I 3gaj2| ^D\D\ 500 LH XI 10,000a°J 5i S)fe #2} lS2f 

a^s 12 

HI 1 S0II 2ICHA), S3I SIH fllOlU B3lfe tfA e?P|. ^§31 H±2i 4»S3I2| §i 

sspisj oiin m t}&m?\i\o{\M 10 mn i2o«B sussib si ^§°§ §)b sb ga&j ggg- 
s . 

a?s 13 

HI 1 S0II 21CHAH, S?l SfH tHIOIIJ B3lfe §^ 5JS §2) 0)1= ft «SS «?l^|0||/H 

10 LHII 120SB SiSSIfe 51 S)te SB 32^ gg«}S. 

a^s H 

HI 1 S0II 21CHAH. S3I SfH tfllOlU 01 agajsi aai s= M y aWit& S3fl *2HI 0I&BI 

g^oiife aaisfi gun ^zhi oisfs y^fe s§i ch q»ui»te 51 ?§°i sa aaoj- S£ 
sg . 

a^s 15 

HI 13 S0II 910] M, -4tll 3ge|£| ggg CMPgg, 01 XI Hit §1 i°| 01^- 5m 2j 

si mas.5. o\± sz! a a s^sg. 
a?s 16 

£S nHSOl SSS Bhsa 3IB S0II 12^1 SSSIfe B3I: 

S?l ES HHS°! SSOI tiaEf S3I 12^1 S CMPSgog 20|Slfe B3U: 

3S°t» ggsPI s !SK v; S3I gUfg SOU S£l&'£fEM SSSIfe ±B B S®± 31! §2iJS £S 

S3I 3gafl 500-C 01 SS0IIAH S2I HIOIBSfte 

S^l H£l Ml Olfj 01*, S?l 3gS|o| acH sgstsi a . a aajgf^y o,^| = xm 0 |^ a 

S^OIIfe Bai^ a 3|| ^2H| 0|»S fe^fe B3)l: 

#31 2g^l 6.^g¥l?|0||AH g»£|Slfe B3||» ?H|g| 51 ^32= Sffe S2f SSSg. 

a?s 17 

ErXPt mgg 2He0l S«S &h S= xHI 3|» SOil IS^f g^sfe BUM; 

s?i inie°! saoi i^gas^ sdi sasfg m cmpssss ao^sife B3ii: 

of ^ El^I 1 

S?l Bgafg HI 1 il S£ g2)0IIAi H£l WlOIUSm, OICHAH. HI 1 4g S£ %S HI 2 i§ 
B£ g^OIIAn 8F= WlOISSfe B3fl; 
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Xii 2 ^§ -8£ SQ SI 3 £9 g£g?|0IIA| 3| OilAH SMMSlte 

§ ^biHl 5M ^§2§ Shfe mil 12^ gggjffi . 

■ 18 

&x}}[ i^i nueoi m%E b*esi Dim &ou sgsji gsapi a»oi seimsiss saaht ± 

5! £ ^ai^ Sg g^l £58fe 

£01 LH°I J[± SSS (»53teJ»te £! 

S?» 19 

Ail 18 a Oil 910\M, &J\ mz\MZ\& ^EJ S §EH^ S^S 

^5^01 -(siH 2 NH) n -(^e, n g &£i g^oicnom, §gg2 «»g?oi 4000 mil soooom. 

3.0 LHXI 4.021 fflSfOIEM Sa^EIS 20 LHX! 30§^%; » §QH 80 LH XI 70g|f%l S»»te 

5i ^s^^ shfe ay ass, 1, i^^s. 

»?» 20 

Ml 19 E^Oil 2AOIAI, '#31 S s BH^i g^B 54 LHXI 420 (1/s)S| SB ^SOilAH 1 U XI 10 mPa.sHJ 

use* §£M 3*t 51 §§2^ se> 12^ Sa»H. 
a?a 21 

HI 19 &0II 2iCH AH , ^l g s EH^: g^B ShXj SfOil CHSfOl 4" 0i5f£| ^ehe 2f8 

S^Pffi- 22 

Xil 19 a Oil 2iOUH , &3| ^3 £ ^EH^: g±, 21 , b\±, &± §J 

^oum ™o\^ mi}°\ m + m sasFt ten stofb 5§ ^§2^ si-t sy 12^ 

as- tH 

23 

Xil 19 SOil SIOIAI, gOH^ SE^ CI ¥ H Oil Eli s °! 51 ^§2§ 6fe ay- 12^ 

3^8 24 

XII 18 »0|| SiOiA-i, Qiyai B ^|oj goj^ eoo LHXI 1,200'CB 51 ^§2S Shfe #y 12 

a^a 25 

XII 24 80ll-&OIAf. SS5J -&i?l|fe #i , ^21 Sfl3|, <L^2f 1 °l gf Sfl^l § 

£J ^tf^^i^lOilA-1 10 LHXI 120Sy SBSI-te 51 ^S^^. Sffe §^ SS^g, 

a?» 26 

Xil 18 SOII SICH Aj , B^llfe 50 LHXI 350°C g^lOIIAH QfE^^ =dl miOISShfe 

51 SgOS § ^ Ql & g Hj. g 

27 

Xil 26 2iOiAH, ^Ol 0f5 ^h6J Ef ^Ife 300 LHXI 500°C g£ %9\0Uk\ ofE tfllOIUs^ 51 

8?a 28 

Xil 27 &0II °lO\M , 8fH fcfilOlU Ef^l!^ Ar^ m9\D\ , ^g^i g?j^|, a ^21 ^g^jHJ &m m9\ 

OiJ= ^ ^sf^^i^lOjlAi 10 LHXI 120^Z! 5!Io[b 51 ^§2§ 

a?» 29 

XII 27 S0II 2iO|AH , ^91 8f= WIOIU B^ll^ M± ^9\D\ , ^Hj O]^ t[ ffS ^?I^I0II 

Ai 10 LHXI 120^2! 5li6fb 51 ^§°s 1^°} 
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